Toxicity of the extracellular products (E C P ) and the lethal attribute of serine protease secreted by five pathogenic Vibrio alginolyticus strains from various sources in kuruma prawn Penaeus japonicus were studied. The E C P s of organisms originally isolated from diseased kuruma prawn or small abalone Haliotis diversicolor supertexta were more lethal (L D 50 value of 0.48 or 0.41 ^ig protein/g prawn) than those from diseased tiger prawn P. m onodon, yellowfin porgy Acanthopagrus latus or horse m ackerel (L D 50 value of 0 .9 8 -1 .1 7 ^ig protein/g prawn). All the EC Ps manifested strong, weak and no activities against gelatin, sheep eryth rocytes and chitin, respectively. In immunodiffusion tests using rabbit antiserum to a purified 33 kDa serine protease of strain Swy against E C P of each tested strain produced one single precipitation band in each treatm ent. Furtherm ore, the serine protease was suggested to be the dominant protease secreted by V. alginolyticus strains tested since the majority of enzy matic activity of the respective E C P was inhibited by phenylmethanesulfonyl fluoride (PM SF). A higher inhibition of serine protease activity by PM SF resulted in lower mortality rate of the EC Ps injected into the prawns suggesting that the protease is one of the major lethal factor(s) secreted by V alginolyticus.
Introduction
Vibriosis is one of the major infectious diseases associated with mass losses in marine cultured penaeids worldwide (Lightner, 1988; Vera et al., 1992; Hameed and Rao, 1994; Pizzutto and Hirst, 1995 1998) . R e cently, Vibrio alginolyticus has been frequently iso lated from diseased prawns and is virulent to the two major cultured penaeids, Penaeus m onodon and P. japonicus, in Taiwan (Lee et al., 1996a, b) .
Extracellular virulence factors including prote ases produced by various Vibrio species isolated from diseased fish and shellfish are suggested to play a significant role in pathogenesis (Inamura et al., 1985; Nottage and Birkbeck, 1987a, b; Norqvist et al., 1990; Farrell and Crosa, 1991; Stensvag et duced by V alginolyticus strain Swy has recently been purified and characterised as a lethal toxin in P. japonicus (Lee et al., 1997; Chen et al., 1999) .
In the present paper, the toxicity of the extracel lular products (EC P) and role of extracellular ser ine protease produced by five strains of V. algino lyticus, isolated from marine fish and shellfish, in P. japonicus are investigated and discussed.
Materials and Methods

Bacteria
One reference strain and four field isolates of Vibrio alginolyticus were used in this study. The reference strain was ATCC 17749 (Sakazaki, 1968) and was originally isolated from horse mackerel. The field isolates were obtained from diseased kuruma prawn P. japonicus (strain Swy), tiger prawn P. m onodon (strain Val), yellowfin porgy Acanthopagrus latus (strain RG SW ) and small abalone Haliotis diversicolor supertexta (strain H -ll) in Taiwan. The source of specimen, origin and date of isolation are provided in Table I . The bacterial cultures were stored in phosphate-buf- fered saline (PBS, pH 7.2) containing 10% glycerol at -7 0 °C.
Extracellular products (EC P )
Stock cultures of each strain were grown on tryptone agar (Difco, Detroit MI) (TA; contained 1.8% tryptone, 1.5% agar and 2.5% NaCl) plates for 24 h at 30 °C and two swabs of each bacteria were suspended in 10 ml of PBS. The suspension was spread onto TA overlaid with sterile cello phane and incubated for 24 h at 30 °C. Each ECP was harvested following a method described pre viously (Lee and Ellis, 1990 ). In brief, 5 ml of PBS was added to the surface of the cellophane over laying TA and spread completely. The harvested bacterial suspension was then centrifuged at 25,000xg for 60 min at 4 °C; the pellet was dis carded. The supernatant fluids were passed through a 0.22-^m filter (Millipore, Bedford), and the EC P was stored in 1-ml aliquots at -2 0 °C. Total protein was measured following the method of Bradford (1976) with bovine serum albumin as a standard.
Enzym atic and haemolytic activities o f E C P
Protease activity was measured by hide powder azure (HPA) digestion as described previously (Lee and Ellis, 1990) . Briefly, 0.1 ml enzyme solu tion was incubated with 25 mg HPA in 2.4 ml PBS at 37 °C for 15 min with shaking. On addition of 2.5 ml 10% trichloracetic acid (TCA ) and after centrifugation the absorbance of the supernatant was measured at 600 nm. Controls were prepared by the addition of TCA to HPA in the absence of the enzyme. One unit of protease activity is an increase in absorbance of 0.01 unit. Caseinase, gelatinase, phospholipase, lipase and chitinase activi ties of each EC P were observed by placing 20 |ol samples of ECP in wells cut in agarose (1% in PBS) that contained either 1% sodium caseinate, 0.5% gelatin, 0.2% egg yolk, 1% Tween 80 or 0.3% chitin, respectively. The plates were incu bated in a humidified chamber for 24 h at 27 °C. The diameter of the lytic halo around each well was measured. Haemolytic activity was measured by a standard microtitration method with sheep erythrocytes as described previously (Hastings and Ellis, 1985) . All the tests were performed in dupli cate.
Rabbit antiserum to the purified serine protease o f strain Swy
The purification of a 33 kDa serine protease from EC P of V. alginolyticus strain Swy, using Ä KTA purifier System with hydrophobic interac tion chromatography, anion exchange and gel filtration columns, is described and the protease characterised as a lethal toxin elsewhere (Chen et al., 1999). The purified protease (120 jug protein/ ml) was formalinised with 3% formalin for 48 h prior to the immunisation in a New Zealand white rabbit weighing about 2 kg. The formalinised pro tease was further dialysed against PBS for 48 h at 4 °C. Two millilitres of the dialysed preparation were emulsified in an equal volume of Freund's complete adjuvant and injected into the rabbit subcutaneously. Six weeks later, the rabbit was boosted with the same antigen emulsified in Freund's incomplete adjuvant as that described above. Rabbit antiserum to the purified serine protease (R aP ) was obtained 2 weeks later. A li quots of 1 ml of the antiserum were stored at -70 °C.
Immunodiffusion
Ouchterlony double-diffusion gels were pre pared by layering a 1.5% agarose (in PBS) on Pe tri dish. For examining immuno-or cross-reactivity of R aP with ECPs from all five strains, the centre well was filled with R a P and the ECPs were placed in the surrounding 5 wells. Twenty |il of R aP or ECPs were placed in each well and the gels were allowed to react in a humidified cham ber at 25 °C for 24 h, and then scored for the oc currence of immunoprecipitation band.
Inhibition o f protease activity by P M S F
The effect of 5 m M phenylmethanesulfonyl fluo ride (PM SF; Sigma, dissolved in isopropanol) on the protease activity was examined. After incuba tion at 37 °C for 60 min, the changes of protease activity were determined using the HPA assay as described above.
Toxicity in prawn and its inhibition
Kuruma prawn (Penaeus japonicus), weighing about 10 g, were purchased from a farm in south ern Taiwan. The prawns were held in tanks (2,500 litre) supplied with air-lifted 3% salinity sea water at 2 5 -2 8 °C in our aquarium and were fed daily with commercial prawn feed. The lethal tests, with batches of ten prawns per treatment in duplicate, were conducted by intramuscular (i.m.) injection of 0.1 ml of samples into the prawn at the site be tween 4th and 5th abdominal segments (Trevors and Lusty, 1985; Vera et al., 1992) . Sterile PBS and 20 m M PM SF (3:1, v/v) were accordingly injected i.m. into parallel controls. Protease inhibitor (20 m M PM SF) was added in each ECP (3-fold L D 50 value) (1:3, v/v) and incubated at 37 °C for 1 hour prior to the investigation of the inhibition of toxicity in P. japonicus. The protocol of toxicity inhibition tests was the same as described above in the L D 50 tests. The mortalities of all the tested animals were recorded for 2 days post injection.
Results
The EC P of Vibrio alginolyticus strains ATCC 17749, Swy, Val, H -ll or RGSW was harvested af ter 24 h of incubation of the culture at 30 °C. The total protein, enzymatic and haemolytic activities of each EC P are shown in Table II . The EC P of strains Swy, H -ll or RG SW manifested stronger proteolytic (5630-6983 HPA units/mg protein) and caseinase activities than those of the other two strains. Low or no activities of chitinase, phopholipase, lipase or haemolysin were detected in the ECP of each different strain.
Only one single immunoprecipitation band (arc) in Ouchterlony double-diffusion gels was observed using R aP against ECP of strain Swy as well as against EC P from other four strains (data not shown).
ECPs were found to be lethal to P. japonicus with L D 50 values ranging from 0.41 to 1.17 ^ig protein/g prawn body weight. The ECP of strains Swy and H -ll were more lethal than those of other three strains tested in terms of LD 50 values (Ta ble II).
The protease activity in each ECP (3-fold of each L D 50 value) was completely inhibited by 5 mM PM SF (a serine protease inhibitor) (Ta- Ratio of hydrolysis halo to cut well diam eter (mm ): ++++, 1 6 -2 0 ; +++, 1 1 -1 5 ; ++, 6 -1 0 ; +, 1 -5 ; -, 0. HPA, hide powder azure. All the tests were conducted in duplicate.
ble III), indicating that the major protease in the EC P produced by each V. alginolyticus strain tested is a serine protease. Three folds of the LD 50 value of each EC P were used in the lethal toxicity inhibition tests, and the toxicity of each preparation in the P. japonicus was partially or completely inhibited by the presence of 5 m M PM SF (Table III) . All the prawns were killed after injection with 3-fold L D 50 value of each E C P in the absence of PMSF. No mortality was observed in all the controls injected with PBS and PMSF. (Lee, 1995) , bivalve molluscs (Nottage and Birkbeck, 1986 ) and the ro tifer Brachionus plicatilis (Yu et al., 1990) . R e cently, the pathogen has also been recorded in penaeids (Lee et al., 1996a, b; Karunasagar et al., 1998), the Catarina scallop Argopecten ventricosus (= circularis) (Sainz et al., 1998) and the red abalone Haliotis rufescens (Anguiano-Beltran et al., 1998). Thus prompted us to investigate the lethal toxicity of the EC P produced by four different pa thogenic strains recently isolated from fish and shellfish by our laboratory in Taiwan in P. japoni cus.
Discussion
No chitinase activity was detected in each ECP which may be due to the absence of chitin in the medium used to grow each strain. In the present study, the ECPs (of strains Swy and H -ll) with higher protease activities were more lethal than those with lower protease activities (of strains ATCC 17749 and Val) except that of strain RGSW. The reason for a higher protease activity with a lower lethal toxicity in the EC P of strain RG SW is not clear. Presumably, this may be due to the host being less susceptible to the protease of strain RG SW or derived from other unknown compo nents in the EC P which may affect the lethal toxic ity of the protease in the prawn. The treatm ents were incubated at 37 °C for 1 hour prior to injection. All the tests were conducted in duplicate and recorded for 2 days. Relative protease activity (% ) represented the residual activity of each E C P pre-treated with PM SF over the prote ase activity of respective E C P added with PBS, and the respective activity of the latter was used as control (100% of relative protease activity).
In a previous investigation, both the live bacte ria and ECP of strain Val were found to be more virulent or lethal in tiger prawn P. m onodon than in kuruma prawn P. japonicus (Lee et al., 1996b) . In addition, live bacteria of strain Swy were more virulent in P. japonicus than in P. m onodon (Lee  et al., 1996a) . Therefore, EC P of isolate RG SW obtained from A. latus (Table I) manifesting lower lethal toxicity in P. japonicus (Table II) may be not uncommon.
Inhibition of protease activity by PMSF, as shown in vitro, resulted in a lower mortality in vivo (Table III) . Extracellular serine protease of strain Swy was previously characterised as a lethal toxin in P. japonicus (Lee et al., 1997; Chen et al., 1999) . In the present investigation the inhibition of extra cellular serine protease activity from other sources was also found affecting the lethal toxicity of re spective ECP in the prawns. Serine protease is confirmed to be a major toxin in the EC P of strains Swy and H -ll since almost all the lethal toxicity of both ECPs was inhibited by the pres ence of PMSF. However, other unknown toxic component(s) in addition to serine protease may also be present in the ECPs of strains ATCC 17749, RG SW or Val since lethal toxicity of the respective ECPs was not completely inhibited by the presence of PM SF even with a high-inhibition (more than 83% ) of protease activity (see Ta  ble III) .
Since the similarities in L D 50 and lethal toxicity inhibition tests between ECPs of strains Swy and H -ll found here (Tables II and III) , the transmis sion of virulent strains between hosts, i.e. P. japon-icus and Haliotis diversicolor supertexta, could oc cur as strain H -ll was originally isolated from diseased H. diversicolor supertexta in Kaohsiung (Table I) , where most of the P. japonicus larvae in Taiwan are propagated. A further study on the characteristics and pathogenesis of these two iso lates is now under way.
Proteases produced by bacteria have been known as important virulence factors in many dis eases (Maeda and Yamamoto, 1996) . Quite a few proteases produced by V. alginolyticus have been characterised as toxins in fish and shellfish (Nottage and Birkbeck, 1987a, b; Lee, 1995; Lee et al., 1997; Chen et al., 1999) . In the present work, we were able to determine that the ECPs from strains of V. alginolyticus recently isolated from fish and shellfish shared some similarities both in terms of the antigenic relationship of serine protease and the inhibition of serine protease activity. Although an important attribute of serine protease to the lethal toxicity of EC P produced by V. alginolyticus from various sources in P. japonicus was con firmed in the present study, definite conclusions as to the toxic nature of the protease may require assay of more highly purified protein. 
